Early embryonic mortality and its high frequency in lactating cows are among the causes for a decrease of animal performance, reproduction, and the effectiveness of modern dairy cattle industry as a whole. The aim of this research was to reveal pathogenic significance of maternal endocrine, metabolic and immune risk factors for occurrence of this pathology. The surveys involved black-motley cows with average annual productivity of 6.4-7.6 ths. kg. Pregnancy and embryonic mortality were diagnosed on days 19 to 23, 28 to 32, and 38 to 45 after artificial insemination by transrectal ultrasound examination with the use of an ultrasonic scanner Easi-Scan-3 (Great Britain). Venous blood samples were collected during the same periods. Blood progesterone, estradiol-17β, testosterone, proteins, total immunoglobulins, circulating immune complexes, urea, creatinine, cholesterol, glucose, vitamins E and C, total calcium, inorganic phosphorus, protein-bound iodine, magnesium, zinc, copper, manganese, selenium, middle molecular peptides, malonic dialdehyde, alkaline phosphatase activity, alanine aminotransferase, aspartate aminotransferase, gamma-glutamyl transferase, catalase, bactericidal and lysozyme activity of blood serum, morphological blood composition were assessed with the use of a biochemical analyzer Hitahi-902 (Japan), а spectrophotometer UV 1700 (Japan), an atomic adsorptive spectrometer Perkin Elmer-703 (USA), а hematology analyzer ABX Micros 60 (France), and spectrum analyzer Uniplan (Russia). The blood parameters were tested in 18 animals, 9 ones with physiological embryo formation (control) and 9 ones with embryo death. It was found out that embryonic death is firstly associated with an endocrine insufficiency of sex glands of the mother cows, as reflected by blood progesterone and estradiol-17β level which at various stages of gestation was lower by 12.0-43.3 % and 45.0-85.5 %, respectively, when compared to the animals of control group. Under embryonic death, the mother cows' metabolic profile was characterized by an increase in blood concentration of protein (by 3.2-5.4 %), urea (by 9.8-23.6 %), creatinine (by 10.1-13.5 %), cholesterol (by 10.9-17,1 %), middle molecular peptides (by 6.1-34.7 %). Blood alkaline phosphatase activity was higher by 12.8-36.2 %, alanine aminotransferase -by 3.6-13.2 %, aspartate aminotransferase -by 13.8-30.8 %, gamma-glutamyl transferase -by 45.4-77.5 %, and endogenous intoxication index increased by 13.0-40.0 % that was a reflection of liver and kidney insufficiency, cholestasis syndrome manifestation and endogenous intoxication. The pathology was related to the deficiency of essential bioelements, increased lipid peroxidation (LPO), decreased function of antioxidant protection (AOP) system, accumulation of LPO toxic products and oxidative stress development. Under embryo death, blood zinc concentration was 9.7-27.2 % less, copper concentration -17.6-23.3 % less, manganese -10.8-15.2 % less, selenium -16.3-29.1 % less, protein-bound iodine amount -7.3-33.4 % less, magnesium -9.7-27.4 % less, glutathione peroxidase activity -25.8-31.2 % lower, catalase -26.5-51.2 % lower, vitamin E -26.3-31.6 % lower, and vitamin C -25.1-57.1 % lower, as compared to the control animals. The changes in immune status of mother cows with embryonic mortality manifested themselves by an increase in the number of blood leukocytes, their neutrophilic and eosinophilic forms, monocytes, by a decrease in phagocytic activity, the number of lymphocytes, immunoglobulins, bactericidal activity and lysozyme activity in blood serum, and also by vaginal dysbiosis. The conclusion is that diselementosis, oxidative stress and endogenous intoxication, endocrine and immune insufficiency are determinant pathophysiological factors in multiple-factor etiology of early embryonic mortality.
cation, endocrine and immune insufficiency
In lactating cows, fetal mortality becomes one of the urgent problems of modern dairy cattle breeding. The frequency of this pathology varies from 20 to 45 % [1] [2] [3] [4] [5] and rises with the increase in milk productivity [6] [7] [8] accompanied by a profound rearrangement of endocrine, metabolic and immune homeostasis. According to some papers [6, 7] , it can be 48-55 %. S.V. Belik (8) reported early embryo loss in 33 %, 43 % and 67 % cows with a milk yield up to 6 ths. kg, 6-7 ths. kg, and over 7 ths. kg, respectively.
Over the past decades, the dairy productivity in cows increased from 4-5 to 8-11 ths. kg, while their fertility in the first insemination, clinically diagnosed after 50-60 days, decreased from 60-65 to 32-35 % [9] [10] [11] [12] . The increase in embryonic death leads to a decrease in fertility, the rate of reproduction and total profitability of dairy farming. Therefore, study pathogenetic significance of the maternal risk factors of this pathology has both scientific and practical importance.
In this work, for the first time we carried out a complex assessment of hormonal, metabolic and immune indicators in lactating cows at early gestation during normal embryo development and its death. It is shown that diselementosises, oxidative stress, endogenous intoxication, endocrine immune deficiency are of pathogenetic significance for embryonic development.
The aim of the work is to identify the role of endocrine, metabolic and immune disorders in lactating cows in embryonic mortality at early gestation.
Technique. Experiments were carried out in the winter 2014 at OOO SP Vyaznovatovka (Nizhnedevitsky Region, Voronezh Province) on black-and-white cows (a total of 32 lactating cows) with an average annual milk productivity of 6.4-7.6 ths kg at tethered farming technology. Animal diet included corn silage (25 kg), sainfoin hay (3 kg), straw barley (3 kg), grain mixture (7 kg), sunflower meal (1 kg). The daily intake of food was 17.6 kg dry matter (1 kg contained 5.5 g of calcium, 4.0 g of phosphorus, 2.3 g of magnesium, 7.2 mg of copper, 33.0 mg of zinc, 34, 5 mg of manganese, 0.18 mg of selenium, 0.37 mg of iodine).
Pregnancy and embryonic loss was detected on days 19-23, 28-32, and 38-45 after artificial insemination by transrectal echographic examination with an ultrasound scanner Easi-Scan-3 (BCF Technologi, Great Britain) with linear sensor 4, 5-8.5 MHz [13] . In the same gestation period, venous blood from the cows with physiological embryo formation (n = 9, control) and those with recorded embryonic death (n = 9) was collected for laboratory tests.
The concentration of sex hormones (progesterone, estradiol-17β, testosterone) was determined in the blood serum by solid-phase enzyme immunoassay using commercial test systems (OOO Hema-Medica, Russia) and an enzyme immunoassay analyzer Uni-plan AIFR-1 (ZAO Pikon, Russia) in accordance with the manufacturers' instructions.
Serum and whole blood levels of proteins, total immunoglobulins, urea, creatinine, cholesterol, glucose, vitamins E and C, total calcium, inorganic phosphorus, protein-bound iodine (PBI), middle molecule peptides (MMP), malonic dialdehyde (MDA), alkaline phosphatase (ALP), alanine aminotransferase (ALT), aspartate aminotransferase (AST), -glutamyl transferase (GGT), glutathione peroxidase (GPO), catalase were assessed by standard methods for studying metabolic parameters [14] on a biochemical analyzer Hitahi-902 (Roche Diagnostics GmbH, Germany-Japan) and spectrophotometer UV 1700 (Shimadzu Corp., Japan); zinc, copper, manganese, selenium, magnesium was estimated using an atomic adsorption spectrometer Perkin Elmer-703 (PerkinElmer, USA), blood morphology was studied on a hemoanalyzer ABX Micros 60 (ABX Diagnostics, France). Blood bactericidal (BA) and lysozyme activity (LA), circulating immune complexes (CIC) were determined according to guidelines for assessing and correcting immune status in animals [15] . In cervical-vaginal mucus, general bacterial contamination, the titer of entero-, lacto-and bifidobacteria, and fungal infection were determined by common microbiological methods.
For processing the Statistica 8.0 software (StatSoft Inc., USA) was used. The data are presented as mean values (X) and the error (x). Differences were considered statistically significant at p < 0.05.
Results. The embryo death was recorded in cows with functional insufficiency of the gonads (Table 1) . Thus, in cows that lost embryos at different stages of gestation the blood progesterone level was 12.0-43.3 % lower than in the control. In mother-cows this indicator, as compared to the initial values, increased by 28.8 % in normal gestation and decreased by 18.0 % at embryonic loss. Developing hypoprogesteronemia entails not only the inferiority of the secretory transformation of the endometrium and the supply of nutrients to the developing embryo, but also an increase in the aggressiveness of peripheral mononuclear cells (lymphocytes, monocytes) and endometrial macrophages against embryonic tissues through Ig synthesis, oxygen explosion in macrophages and stimulation of the production of anti-inflammatory cytokines [15] [16] [17] [18] [19] [20] . o t e. Before and after the slash there are physiological formation and death of the embryo, respectively. *, **, *** p < 0.05, p < 0.01, p < 0.001 compared to control (physiological formation).
Blood biochemical indicators in black-and-white cows in normal gestation
The low concentration of estradiol-17β and testosterone responsible for protein synthesis in the embryo and proliferation in the uterus tissues in cows (see Table 1 ), also indicated a disorder in the hormone-synthesizing function of ovaries in the cows with embryonic death. In the first month of gestation, the difference with control animals for estradiol-17β level was 45.0-85.5 %, reaching 352.0 % at embryo death. When embryos developed, the blood testosterone concentration gradually increased from 1.63±0.21 to 2.86±0.56 nmol/l, or by 75.4 % (p < 0.001). In case of embryonic loss, the testosterone level in the first month of gestation did not differ significantly from those in healthy animals but lowered 2.5 times by the time of the embryo death.
In assessing the metabolic status of cows, it was found that genetically programmed formation and development of the embryo in the first 1.5 months of gestation occurred without pronounced changes in blood level of total proteins, cholesterol, glucose, calcium, and AST activity (Table 2 ). However, there was a gradual increase in urea concentration by 8.6 %, creatinine by 8.2 %, phosphorus by 7.3 %, middle molecule peptides by 6.5 %, AP activity by 10.9 % ALT activity by 16.0 %, whereas GGT activity and endogenous intoxication index were 17.8 % and 13.1 % lower. These changes reflected the intensification of metabolic processes in dam cows already at the early stages of the embryo's placentation.
When the embryo died, we recorded an increase in blood protein concentration by 3.2-5.4 %, in urea by 9.8-23.6 %, in creatinine by 10.1-13.5 %, in cholesterol by 10.9-17.1 %, in middle molecule peptides by 6.1-34.7%, in alkaline phosphatase activity by 12.8-36.3 %, in ALT by 3.6-13.2 %, in AST by 13.8-30.8 %, in GGT by 45.4-77.5 %, and in the index of endogenous intoxication by 13.0-40.0 % as compared to the control. Together, these indicators reflected functional disorders in the liver and kidneys of cows with embryonic loss manifested by syndromes of cholestasis and endogenous intoxication.
Increased endogenous intoxication in the animals with embryo death was associated with a deficiency of pro-oxidant bioelements and a decreased activity of the antioxidant defense system (see Tables 2, 3 ). In these cows, the blood concentrations of zinc, copper, manganese, selenium and protein-bound iodine was below the control by 9.7-27. Zinc is essential in DNA synthesis and repair, growth, reproduction, cell differentiation and migration, embryogenesis and immunogenesis [21] [22] [23] [24] [25] . Its biological properties are associated with induction of zinc-copper-dependent superoxide dismutase, protection of DNA and transcription proteins from free radicals, inhibition of proteinases, neutralization of bacterial lipopolysaccharides and toxic metals. With a deficiency of zinc, the secretion of sex and corticosteroid hormones decreases, cytokine expression and inflammation in the uterus increase, cell proliferation and growth of the embryo are suppressed. Copper determines the activity of copper-zinc-dependent superoxide dismutase, is a part of ceruloplasmin and acts as an antioxidant, protecting cellular structures from oxidative stress. With its deficiency, free radical oxidation is activated, and the hormone-producing function of the hypothalamus, pituitary gland and gonads is reduced, which leads to an increase in death and resorption of embryos [23, 24] .
Deficiency of selenium and iodine as constituent components of biologically active compounds (glutathione peroxidase, iodothyronine deiodinase, thyroid hormones) is accompanied by an increased lipid peroxidation, general metabolic disorder, lowered activity of the pituitary-gonad system, cell growth and tissue differentiation, hormonogenesis and immunogenesis [26] [27] [28] [29] [30] [31] .
There were no significant differences in manganese blood concentration between the groups of animals, but we do not exclude the role of the deficiency of this microelement in embryonic mortality reported in some papers [32, 33] .
The magnesium deficiency in the body also led to early embryonic death. When the embryo died, magnesium concentration in the blood of cows was 9.7-27.9 % below control. Apparently, the lack of magnesium reduces the energy potential of proliferating embryonic cells, metabolic activity and detoxification, enhances the synthesis of prostaglandins E 2 and F 2, causing endotheliosis and a decrease in the progesterone production in ovarium yellow body [34, 35] . A decrease in calcium blood level (by 7.2-11.4 % compared to the control) was characteristic of the cows with embryonic loss. Clear evidence of calcium specific effect on embryogenesis is lacking. Perhaps, calcium deficiency is manifested through the effect on the exchange of essential trace elements.
In clinical experiments [36, 37] it was shown that parenteral injections of zinc, copper, selenium and manganese salts contribute to 9-13 % higher survival of embryos. Biologically necessary accumulation of bioelements (as well as other nutrients) in the embryo is completely determined by the metabolic status of the maternal organism [32] . It can be argued that the deficiency and imbalance in the bioelement status of lactating cows with embryonic loss is associated with higher milk productivity and increased excretion of trace elements from the body with milk. The daily milk yield was 20.2±1.21 kg in cows with physiological development of the embryo and 24.6±1.03 kg in the cows with manifestation of embryopathies, which was higher by 21.8 % (p < 0.05).
Deficiency of essential microelements was accompanied by a weakening of antioxidant protection and increased activity of lipid peroxidation (LPO) (Table 3). A certain increase in free radical lipid oxidation, as it was evidenced by 6.4-8.9 % elevation in blood MDA concentration, was characteristic of cows with normal embryogenesis. .4±1.1** N o t e. Before and after the slash there are physiological formation and death of the embryo, respectively. GSHreduced glutathione, MDA -malonic dialdehyde, GPO -glutathione peroxidase. *, **, *** p < 0.05, p < 0.01, p < 0.001 compared to control (physiological formation).
In cows with embryonic loss, MDA concentration exceeded the indicator in the control animals by 44.3 % on days 19-23 of gestation and by 58.5 % on days 28-32, and MDA level remained high after the death of the embryo, exceeding the control values by 38.6 % on days 38-45. Higher accumulation of toxic products of LPO appears to be associated with enhanced formation of reactive oxygen species (ROS), LPO activation, and insufficient antioxidant protection. Catalase activity in these animals, as compared to the control, was 26.5 % lower in implantation and 51.2 % lower in the early placentation. These differences were 33.4 % on days 38-45 in the cows with clinically confirmed fetal death. At embryonic loss, GPO activity were 25.8 % lower during implantation and 31.2 % at embryo death, vitamin E was 26.3 and 31.6 % lower, respectively, and vitamin C was 57.1 and 25.1 % lower than in healthy animals. Deficiency of enzyme and non-enzyme antioxidants should be associated with their high consumption for detoxification and elimination of actively generated aggressive free radicals and with the depletion of the reserves of the antioxidant protection system (AOPS) due to deficiency of essential bioelements. Violation of dynamic equilibrium in the LPO-AOPS, accompanied by excessive accumulation of toxic LPO products, leads to the development of oxidative stress characterized by irreversible oxidative modification and damage to proteins and DNA [38, 39] , which should be considered as a sign of embryopathy development in cows.
The adverse effects of oxidative stress on embryo are related not only to the direct embryotoxicity of aggressive free radicals, but also to their negative effect on the hormone-synthesizing structures of gonads and the immune system.
Already on days 19-23 of gestation in the blood of cows with the risk of embryonic loss, an increase in the total number of leukocytes (by 12.9 %) and their neutrophil forms (by 14.0 %) was noted (Table 4) , which could indicate intoxication or development of the inflammatory process in the genitals. The population of monocyte which are active phagocytes, precursors of tissue macrophages and producers of complement components also increased by 77.8 %.
The development of toxic, allergic and autoimmune response to embryo death showed a 2-fold elevation in the number of blood of eosinophils, which ensure the destruction of histamine, toxins of protein origin, foreign proteins and immune complexes. CIC (antigen-antibody complex) concentration in the animals of this group was 2.96 times higher than in cows with normal pregnancy. An excess in CIC accumulation, associated with allergic reactions, leads to destruction of the tissues in genitals and can affect the developing embryo. .02*** N o t e. Before and after the slash there are physiological formation and death of the embryo, respectively. PALphagocytic activity of leukocytes, CIC -circulating immune complexes, BABS -bactericidal activity of blood serum, LABS -lysozyme activity of blood serum. *, **, *** p < 0.05, p < 0.01, p < 0.001 compared to control (physiological formation).
The blood CIC concentration was inversely related to the phagocytic activity of the leukocytes which was 14.5 % lower at the death of the embryo compared to the control. The high CIC level, together with a decreased activity of polynucleated leukocytes testified both to the congestion of the phagocytic system and to the increased migration of functionally immature neutrophils from the bone marrow under the influence of interleukin-1, the amount of which increases during pregnancy [18] . In cows with the manifestation of embryonic mortality, the relative amount of blood lymphocytes was 14.5 % lower, and the total immunoglobulin level lowered by 25.6 %. The latter can be related both to the oppression of their synthesis, and to the increase in CIC formation and utilization.
In animals with improper embryonic development, a deficiency in adaptation to stress caused by pregnancy was combined with a decrease in the indices of humoral factors of natural resistance. Blood bactericidal activity and lysozyme activity was 25.3 and 39.6 % less than in the control, which correlated with inhibition of phagocytic leukocyte reaction.
On days 28-32 of gestation, previously revealed differences in the indicators of cellular and humoral immunity in different groups, as a whole, remained unchanged. When the embryo died, the number of blood leukocytes increased by 11.1 %, the number of monocytes, eosinophils and CIC concentration were 37.5 %, 218.7 % and 210.0 higher, respectively, as compared to the control, whereas PAL (phagocytic activity of leukocytes), number of lymphocytes, BA and LS lowered by 7.9 %, 9.1 %, 28.4 % and 30.0 %, respectively. Similar results were obtained on days 38-45. The observed changes in the immune status of mother-cows reflect a strong reaction of the body to endotoxins and embryo antigens, which testify to immunodeficiency and reduced adaptive abilities of animals in early gestation.
It is known that the microbiocenosis of the vagina plays a significant role in ensuring the homeostasis of the reproductive organs, their colonization resistance and protection of the reproductive tract [39] [40] [41] . The main representatives of its normoflora are lacto-and bifidobacteria, acting as antagonists of conditionally pathogenic and pathogenic microorganisms to suppress their growth and reproduction. The protective effect of lactobacilli and bifidobacteria is due to secretion of a significant amount of lactic and other organic acids, various bacteriocins, vitamins and other bioactive substances, and to a direct stimulating effect on immunocompetent structures of the reproductive tract, local and general immunoreactivity of the body. The stability of the vaginal microbiocenosis is ensured by the coordinated interaction of the endocrine and immune systems in which any violation leads to dysbiosis and a replacement of normal microflora by conditionally pathogenic and pathogenic microorganisms.
In normal gestation, the total microbial contamination of the vaginal mucus was quite stable and varied from 509.7±24.3 to 573.2±48.4 CFU/ml. The presence of lactobacilli was recorded in 66.6-83.3 % of animals at the titers of 10 -4.08 to 10 -3.38 . Bifidobacteria, a part of normoflora possessing high colonization antagonistic and adhesive activity, were found in 100 % of animals with normal embryo formation. When embryo died, on days 28-45 of gestation the bifidobacteria were detected only in 50-75 % of cows with the titers 2.22-2.95 times lower than in healthy animals.
Reduction of colonization of the genital organs by normoflora was accompanied by an increase in the counts of enterobacteria (Escherichia coli, Enterococcus faecalis) and fungi in the mucus. The frequency of enterobacteria increased from 10.0-16.6 % to 33.3-70.0 %, while fungi were 1.4-2.0 times frequent. The pH of the vaginal mucus increased from 7.3±0.16-7.62±0.07 to 8.25±0.15-8.63±0. 18 .
Thus, in the polyfactorial etiology of early embryo loss in lactating cows, the pathophysiological determinants are the deficiency and imbalance of essential mineral elements, as well as oxidative stress and endogenous intoxication, which leads to endocrine and immune deficiency and is accompanied by a violation of immune and trophic relationships in the mother-embryo system. Means and methods for correction of diselementosis, antioxidant, endocrine and immune status should be developed to prevent embryonic loss and improve fertility in high-yielding dairy cows.
